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ABSTRACT Organic agriculture, while producing healthy food and contributing to protect the 
environment, needs to be certified in order to meet the consumers confidence. The objective of 
this study was to investigate how earth observation techniques could enhance the crop 
certification process and in particular the possibility to discriminate organic and 
conventional fields. These different crop management methods results in crop biophysical 
differences which are supposed to be observable by earth observation techniques. A set of 
satellites with varying spatial and spectral resolution was used to compute discriminant 
indicators. Under the best conditions the results show a complete discrimination between 
organic and conventional crops. 
RÉSUMÉ. L’agriculture biologique, alors qu’elle fournit une nourriture saine et contribue à 
protéger l’environnement, se doit d’être certifiée afin de rencontrer la confiance des 
consommateurs. L’objectif de cette étude était d’investiguer comment les techniques 
d’observation de la terre pourraient améliorer le processus de certification des cultures et en 
particulier la possibilité de discriminer les champs cultivés en mode biologique et 
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conventionnel. Ces différents modes de gestion des cultures résultent en des différences 
biophysiques supposées être observables par les techniques d’observation de la terre. Un 
ensemble de satellites de diverses résolutions spatiales et spectrales a été utilisé pour calculer 
des indicateurs discriminants. Les résultats montrent, dans les meilleurs cas, une 
discrimination complète entre les cultures biologiques et conventionnelles.  
KEYWORDS: organic crop certification, remote sensing, wheat, corn, hyperspectral, 
biophysical indicators, organic agriculture. 
MOTS-CLÉS: certification biologique des cultures, télédétection, blé, maïs, hyperspectral, 
indicateurs biophysiques, agriculture biologique. 
 
1. Introduction 
Organic agriculture provides healthy food and protects the environment by 
practising methods that avoid the widespread dissemination of chemicals. Crops can 
only be labelled as “organic” if they are produced according to a set of standards, 
undergo an evaluation and pass a yearly inspection. Since organic and conventional 
crops are treated differently (fertilizer, pesticide), their biophysical characteristics 
are also different and can be studied by earth observation (EO) techniques.  
2. Objectives 
The purpose of this study was to test the capacity of EO satellites to spot 
differences between organic and conventional crops in order to support the organic 
crops certification process. 
3. Methodology 
The concept was tested on winter wheat and corn grown in relatively large and 
flat fields in eastern Germany.  
Multi- and hyperspectral satellite imagery of very high to medium spatial 
resolution (Table 1) was used to derive several indicators aimed to differentiate 
conventional and organic practises. Images from five different EO sensors were 
acquired during the study (SPOT4, Kompsat-2, Landsat 5 TM, Chris-PROBA, 
Worldview-2).  
Both spatial and spectral content of the images were exploited to derive 
indicators based on biophysical justification and crop management practises. Three 
groups of indicators were investigated:  
- Spectral indicators: organic crop management techniques use less fertilizer 
and pesticide, do not use growth regulators, their sowing density is often smaller and 
their crop variety different from conventional ones. These differences were studied 
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by spectral indicators related to crop nitrogen and chlorophyll content or field 
biomass.  
Satellite sensors 
CHRIS -
PROBA 
WorldView2 Kompsta2 SPOT4-5 Landstat5 
Spectral bands 
64 8 (XS)  
1 (Pan) 
4 (XS) 
1 (Pan) 
4 (XS) 
1 (Pan) 
7 
Spectral range VIS-NIR VIS-NIR VIS-NIR VIS-NIR-SWIR VIS-NIR-SWIR 
Spatial resolution 
34 m 2 m (XS) 
0.5 m (Pan) 
4 m (XS) 
1 m (Pan) 
20 m (XS) 
10 m (Pan) 
30 m  
(b6: 120 m) 
Table 1. Main features of the satellite sensors used in this study. VIS: visible; NIR: 
near infrared; SWIR: short wave infrared; XS: multispectral; Pan: panchromatic. 
- Spatial heterogeneity indicators: the use of less fertilizer and pesticide in 
organic management is supposed to result in higher spatial heterogeneity in organic 
fields due to soil fertility’s spatial variability and crop disease spread. Diverse 
indicators of spatial heterogeneity of field biomass were computed, among which 
object based spatial heterogeneity using the properties of homogeneous spectral 
object obtained by segmentation. 
- Tractor traces: conventional crops need numerous treatments for application 
of fertilizers and pesticides resulting in numerous tractor passages in the fields 
leaving visible traces, whereas they are difficult to identify in organic fields. 
Photointerpretation and object oriented automatic tractor traces recognition and 
characterisation were used to study the traces.    
4. Results 
In the limited context of this study (wheat and corn in eastern Germany), satellite 
images proved to be an efficient tool to discriminate organic from conventional 
crops with separability rates of 80% to 100%. The separability rate is defined as the 
global accuracy of the classification of all fields in organic and conventional classes. 
 In particular, regarding the three groups of indicators: 
- Spectral indicators enabled complete separability for wheat and corn. In 
particular the Green NDVI, related to the plant nitrogen content, and the ratio of the 
two spectral bands 931 nm / 653 nm, related to the plant chlorophyll content, both 
computed from the hyperspectral sensor CHRIS-PROBA, gave 100 % separability. 
- Spatial heterogeneity indicators enabled separability between 90% and 100% 
for wheat and corn. On very high spatial resolution images, object based spatial 
heterogeneity was however often more important in conventional fields where the 
impact of tractor traces is more pronounced. 
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- Tractor traces enabled complete separability for wheat fields while results 
were between 60% and 80% for corn. 
5. Perspectives 
These first results are encouraging but call for more research to refine and 
validate the method for other areas and climatic conditions in order to turn this 
concept into an operational service that is reliable and affordable for organic 
certification companies. More tests are actually being carried out.  
 
